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Abstract 
This paper reports a 10 W solid state green laser TEM00 mode output operation, pumped by 3 x 40 W LD arrays. 
The theoretical analysis of the cavity stability and operation mode selection are presented. To make the system more 
compact, a Brewster plate is specially designed to function both as a polariser as well as a green output coupler. 
In the experiment, we obtain maximum 10 W green laser TEM00 output at 10 kHz by establishing a concave-flat 
stable resonator. Angle mismatch in the frequency doubling is corrected by optimising the crystal temperature to 
maximise the laser output. The system is completely enclosed in a customised chassis, enabling further integration 
of scanner head for application testings as well as inhibiting environmental factors that will affect the performance 
of the laser.  
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Introduction 
 
High power green lasers are widely used in many industrial applications such as photovoltaic, semiconductor, 
military, entertainment, and automotive. In this paper we introduce a 10 W acoustic Q-switched green laser with 
TEM00 mode operation. The concave-flat stable cavity is optimized in the experiment and a Brewster plate is 
specially designed for both green output and fundamental wavelength polarization.   
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Experimental methods 
 
1. Optical component selection 
We use a 2 mm Nd:YAG rod as the laser crystal from which good fundamental beam quality can be obtained, and 
subsequently high SHG conversion efficiency can be achieved. The total pump power is 120 W from 3 directions as 
shown in Figure 1[1]. 
                                                                   
Figure 1 
 
A Type 1 critical phase matching LBO optimised at 45qC is used for intracavity 2nd harmonic generation. With its 
high damage threshold and a fair effective nonlinear coefficient, the LBO crystal is suitable for high power laser in 
favour of long lifespan and stable output.  A concave-flat resonator is optimized for green output. The rear concave 
mirror has a radius of curvature 750 mm with HR coating at 1064 nm, while the front mirror is flat with HR coating 
at both 1064 nm and 532 nm. 
A Brewster plate, specially designed for green output and fundamental wavelength polarization, is coated HR for 
vertical 532 nm and HT for horizontal 1064 nm wavelength. 
 
2. Theoretical analysis 
During the pumping process, some of the pump power is converted to heat in the YAG rod, which leads to thermal 
lensing and birefringence in the rod. We consider the thermal lensing effect on the laser resonator as shown in 
Figure 2 [2]. 
 
 
 
 
 
 
 
 
Figure 2 
 
According to the ABCD matrix theory[3], where R1 = 750 mm, R2 = , L1 = 190 mm, L2 = 190 mm, the focal 
distance f due to thermal lensing effect on the YAG rod, is approximately 400 mm at 20 A pumping current. 
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From the stability coefficient   െͳ ൏ ܩ ൌ ஺ା஽
ଶ
ൌ െͲǤͺͷ ൏ ͳ , the resonator is stable. The beam waist is on the flat 
mirror, and the radius of curvature of the wavefront R(z) on the rear mirror equals to the curvature of the mirror R1.  
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From (2) and (3), z is the distance from the beam waist, Zr is the “Rayleigh length” of the laser beam. We can 
calculate that Zr = 375 mm and Ȧ0 = 0.35 mm. Figure 3 shows the relationship between the beam radius and the 
distance from the beam waist. 
 
Figure 3 
 
We put a 1 mm diameter aperture near the rear mirror to enhance the beam quality since the beam radius is 
approaching 0.5 mm on the rear mirror. 
 
3. Experiment setup and result 
The resonator layout is shown as below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 
 
a) 750 mm plano-concave mirror with HR 1064 nm coating 
b) 1 mm aperture 
c) AOM 
d) Pump module 
e) Brewster plate  
f) LBO 
g) Flat mirror with both 1064 nm and 532 nm HR coating 
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h) Folded mirror with HR at 532nm and HT at 1064nm 
The SHG power P2 can be found by the following formula [4]: 
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l     : length of the LBO crystal 
deff : effective nonlinear coefficient      
n1   : refractive index at fundamental wavelength of LBO 
Ȝ    : fundamental wavelength 
c    : speed of light 
Ȧ0  : beam radius in the LBO crystal 
P1   : power of fundamental wavelength 
P2   : power of SHG wavelength 
 
According to the formula, we can conclude that with higher power intensity of the fundamental wavelength, more 
SHG power can be achieved. Since the position of the beam waist in the resonator is on the flat mirror, the LBO 
crystal is best placed as close to the flat mirror as possible. In the experiment, Type I critical phase matching crystal 
is deployed, requiring the fundamental light to be linearly polarised and perpendicular to the input of the crystal’s 
optical axis. As such, a Brewster plate, coated AR for horizontal 1064 nm and HR for vertical 532 nm, is placed at 
Brewster’s angle to the optical axis of the resonator. This allows the laser cavity to be simple and compact. 
Figure 5 show the 532 nm laser experimental result. 
 
 
Figure 5 
 
The power of IR and green are shown in Figure 6. Since Type 1 critical phase match LBO is used for SHG, only the 
horizontal polarized IR is utilised to generate the vertical polarized 532 nm laser. 
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Figure 6 
 
   
Figure 7 
 
   
Figure 8 
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Conclusion 
 
This paper reports a 10.3 W green laser setup, optimized using a compact laser cavity configuration with high 2nd 
harmonic conversion efficiency. We obtain 10.3 W green laser at 10 kHz repetition rate with 95 ns pulse width and 
M2 of 1.8. The optical conversion efficiency from 1064 nm to 532 nm is about 85%. The result can still be improved 
by compensating for the effects of thermal lensing and birefringence of the Nd:YAG rod. The laser prototype is 
completed and ready for application testings such as laser marking and micromachining. 
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